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SUMMARY The effect of nadolol, a new long-acting beta-adrenergic blocking drug, on exercise tolerance
was compared with propranolol in a randomised, double-blind crossover study involving 14 patients
with angina pectoris caused by coronary artery disease. Exercise tolerance was evaluated by graded
upright exercise testing to symptom-tolerated maximal exercise. Cardiac function was evaluated by
sequential phonocardiograms, echocardiograms, and chest x-rays synchronised to end-diastole.
At the same daily dose, both drugs decreased consumption of glyceryl trinitrate to an equal extent

(P < 0.02) but nadolol 240 mg a day reduced episodes of angina pectoris more significantly than the
same amount of propranolol (P < 0.05). In addition, both drugs resulted in similar improvements in
exercise tolerance (30%, P < 0.01), and external work performed (48%, P < 0 01). A slightly greater
suppression ofthe heart rate during exercise was observed with nadolol than with propranolol (P < 0.05).
Though both drugs caused a significant decrease in the resting heart rate, the rate corrected systolic
time intervals changed very little from control. The effects of the two drugs could not be differentiated
by echocardiography or phonocardiography. Cardiac end-diastolic volume measured from a chest
x-ray film was increased during treatment with both nadolol (15%, P < 0.01) and propranolol therapy
(11%, P < 0.001), but a slightly greater transverse cardiac diameter (P < 0.02) and cardiothoracic
ratio (4%, P < 0 001) was associated with nadolol.

Nadolol was as effective as propranolol in relieving symptoms and improving exercise tolerance in
patients with angina pectoris. The effect of the drugs was best evaluated by the suppression of the
exercising heart rate Nadolol appears to be slightly more potent than propranolol and has the advantage
of a more convenient dosage schedule, but has a similar myocardial depressant effect.

Considerable evidence indicates that propranolol
improves exercise tolerance in patients with angina
pectoris, but has the disadvantage of having a short
duration of action and of depressing both the myo-
cardium and conduction tissue (Frankl et al., 1974;
Alderman et al., 1975; Frishman et al., 1975; Miller
et al., 1975; Gibson et al., 1976). Thus, it is not
surprising that hypotension, congestive heart
failure, and conduction disturbances are among the
complications of therapy with propranolol (Stephen,
1966). It is for these reasons that the search con-
tinues for a pharmacological agent capable of beta-
adrenergic blockade with a more favourable thera-
peutic index, a more convenient dosage schedule,
and with less depression of the myocardium.

Received for publication 30 December 1977

Nadolol, a beta-adrenergic receptor blocking
agent, has been reported to be nearly four times as
effective as propranolol in blocking isoprenaline-
induced tachycardia in anaesthetised dogs and yet
less depressant to the myocardium (Lee et al., 1975;
Gibson et al., 1976). In humans, oral nadolol (10 to
80 mg) has been shown to decrease the heart rate
response to isoprenaline for a number of hours with
apparently very little effect on blood pressure
(Vukovich et al., 1976).

Accordingly, this study was designed to compare
the efficacy of nadolol with propranolol in patients
with angina pectoris. Sequential measurements of
exercise tolerance on a motor-driven treadmill,
echocardiograms, phonocardiograms, and syn-
chronised end-diastolic chest x-ray films were
objective measurements in this study.
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Subjects and methods

Informed consent for this study was obtained from
14 men with ischaemic heart disease'. Criteria for
inclusion were: (1) the presence of stable angina
pectoris and absence of acute myocardial infarction
during the preceding four months; (2) the presence
of electrocardiographic evidence of myocardial
ischaemia during treadmill exercise testing and/or
arteriographic evidence of greater than 60 per cent
obstruction of the lumen of at least two major
coronary arteries; (3) the absence of congestive
heart failure as judged by a cardiothoracic ratio of
less than 52 per cent and by absence of pulmonary
congestion on the chest x-ray, and, with two excep-
tions, the absence of a third heart sound; (4) a

resting diastolic blood pressure less than 90 mmHg;
(5) the absence of severe bradycardia, second or

third degree atrioventricular block, or bronchial
asthma; and (6) the absence of other cardiac or

severe systemic disease.

All patients were Caucasian men, 9 had either
electrocardiographic or serum enzyme changes as

evidence of previous myocardial infarction, and
none had a history suggesting peripheral vascular or

cerebrovascular disease. No patient had had
previous cardiac surgery (Table 1).

EXPERIMENTAL DESIGN

With the exception of glyceryl trinitrate, all drugs
were discontinued before entry into the study.
Patients were evaluated according to a randomised,
double blind, crossover experimental design (Fig. 1).
Placebo and drug therapy were given four times

'The study was approved by the Subcommittee on Human
Studies (of the Minneapolis Veterans Administration Hospital)
on 8 May 1974.

daily; propranolol was given in four equal amounts,
while nadolol was given twice daily with the
additional tablets being placebos.

Glyceryl trinitrate was taken only for chest pain
of sufficient severity to warrant its use. Each patient
kept a diary of daily consumption of glyceryl tri-
nitrate. The last two weeks of the placebo period I
were used as a baseline of consumption.

Propranolol has a peak blood concentration 1 to
1 hours after an oral dose, with a half-life of 2 to
3 hours (Paterson et al., 1970). Nadolol has a peak
blood concentration of 3 hours after an oral dose,
with a half-life of 17 hours (Vukovich et al., 1976).
Because of this difference in time-concentration
curves) we chose a time midway between the two
peaks at which to cluster our testing (Fig. 2).

Phonocardiograms and external carotid pulse
tracings were recorded on a Electronics for Medicine
DR-8 multichannel photographic recorder using a

ceramic microphone (Electronics for Medicine
PSA-1 and 2) with a frequency response flat from
50 to 2000 Hz and a time constant of 1 2 seconds
in the pulse position. The left ventricuiar ejection
time (LVET), pre-ejection period (PEP), and total
electromechanical systole (QS2) were measured
according to standard techniques (Weissler et al.,
1969). Mean systolic time intervals were then
corrected for heart rate (e.g. PEPc) using the linear
regression equations of Weissler et al. (1972).

Echocardiograms were recorded according to the
sequence shown in Fig. 1. A Smith-Kline Ekoline
20, Mark II Ultrasonoscope with a 2-25 mHz
transducer of 0 50 inch diameter and a repetition
rate of 1000 pulses/s was used as the sensor.

Echograms were recorded in time motion mode by
means of a Honeywell 1856 strip chart recorder.
Simultaneous echoes from the left ventricular pos-

Table 1 Clinical findings in 14 patients with angina pectoris

Case Age Height Weight Duration of Attacks per Previous Results of > 60 per cent obstruction
No. (Y) (cm) (kg) angina (m) week during myocardial exercise of indicated coronary

placebo I infarction test arteries

1 42 172 70 3 8 42 0 Positive LMCA, LAD, LCX, RCA
2 38 184 86-4 36 6 + Positive ...
3 58 189 94-6 29 10 0 Positive ...
4 62 179 71-9 31 7 + Positive ...
5 45 182 79 6 96 15 + Positive ...
6 57 173 69-7 29 3 + Positive ...
7 60 178 77-1 20 2 + Negative LAD, DBLAD
8 51 179 92-7 132 3 0 Positive ...
9 61 170 59-2 119 10 + Positive ...
10 49 170 70 7 7 99 + Positive LMCA, LAD, LCX, RCA
11 59 182 89-6 44 2 + Positive ...
12 55 182 89-1 114 21 + Positive LAD, RCA
13 51 191 97 5 9 8 0 Positive RCA, LAD
14 58 166 80-2 14 18 0 Positive ...
Mean SD 53 8 178 7 80-6 ± 11-4 49 ± 45 18 ± 26

0, absent; +, present; ..., no test performed; LMCA, left main coronary artery; LAD, left anterior descending coronary artery; LCX,
left circumflex coronary artery; RCA, right coronary artery; DBLAD, diagonal branch of the LAD.
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Fig. 1 The drug trial was divided into 5 periods; the first (3 or 4 weeks) was a

placebo period; the second (4 weeks) was a randomised double-blind treatment
period with nadolol or propranolol given in the following weekly sequence: 40, 80,
160, and 240 mg per day; the third (4 weeks) was a second treatment period on the
alternate drug given in the following weekly sequence: 80, 160, 240, and 240 mg per
day; the fourth (I or 2 weeks) was a dose-tapering period with propranolol given
in the following weekly sequence: 80 and 40 mg per day; and the fifth (2 to 4 weeks)
was a placebo period. Evaluations indicated by X included an exercise test, phono-
cardiogram, and an echocardiogram. X-ray films indicated by X refer to chest x-rays
electrocardiographically synchronised to end-diastole.

terior wall and interventricular septum were record-
ed. The T-scan method of Henry et al. (1973) was

used. The end-diastolic diameter, the end-systolic
diameter, the end-diastolic volume, and end-systolic
volume were calculated according to standard tech-
niques (Fortuin et al., 1971; Pombo et al., 1971;
Feigenbaum et al., 1972). Mean velocity of posterior
wall motion was measured as the slope of the wall
movement from end-diastole to end-systole.

Multistage upright exercise testing was performed
with the use of a motor-driven treadmill according
to the procedure of Bruce and Blackmon (Bruce and
Hornsten, 1969) (Fig. 1). Seven lead electrocardio-
grams were recorded at rest and a modified Black-
burn lead system (Blackburn et al., 1967) combined
with an inferior lead was used during exercise as

previously reported (Hartman et al., 1976). The

systolic blood pressure was determined from an
external cuff and Korotkoff's sounds. The rate
pressure product is the product of the heart rate and
peak systolic blood pressure. Electrocardiographic
evidence of ischaemia was defined as flat or down-
sloping ST segment depression of 1 mm or greater
at 0-08 s after the J junction. Heart rate and blood
pressure were measured during the last minute and
the last 10 seconds of exercise. External work was
calculated from the distance walked and the slope
and speed of the treadmill, and expressed as kilo-
gramme metres. Exercise was performed in the
morning after 10 to 12 hours of fasting, and at least
6 hours of non-smoking. Routine medication during
the study consisted only of glyceryl trinitrate and the
placebo or the study drugs. No patient received
digitalis, diuretics, or any other medication during

I I III
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Fig. 2 Relation between performing phonocardiograms
(A), echocardiograms (B), and exercise stress tests (C),
and expected serum levels of nadolol and propranolol.

the study. During testing, there was no change in
the patients' smoking habits or weight (mean 80 6 ±

11h4 kg at entrance and 81-3 ± 11-3 kg at termina-
tion of the study).

All patients exercised to symptom-tolerated
maximum exercise consisting of either grade 2 chest
pain or inability to continue because of dyspnoea
and leg fatigue (Hartman et al., 1976). In one
instance (case 1) the exercise test was discontinued
because of the development of ventricular fibril-
lation requiring DC shock for cardioversion.
Patients were instructed to grade chest pain in 5
categories (0 to 4) such that grade 2 chest pain
would represent about 50 per cent of the patient's
most severe pain or pain of sufficient severity that
the patient would usually take a glyceryl trinitrate
tablet. This was used as the endpoint for all exercise
tests. Such a grading system has been used success-
fully by us (Hartman et al., 1976; Gobel et al., 1978),
and by others (Smokler et al., 1973).
Change in ventricular volume was also determined

from posterior-anterior and lateral chest x-rays

synchronised to end-diastole (the onset of the R
wave) (Becker et al., 1968). The transverse cardiac
diameter, cardiothoracic ratio, and volume of the
heart were calculated from these x-ray films.
Cardiac volume was calculated by a modification of
the method of Kahlstorf (1933) (Jonsell, 1939;
Ungerleider and Gubner, 1942) (Fig. 2). Heart
volume was calculated as the product of the long,
the true short, and the anteroposterior diameters
with correction for magnification (Fig. 3). Volume
was expressed as millilitres per square metre body
surface area (ml/m2 BSA). The results were then
compared with mean values derived from 125
normal men in our laboratory (351-5 ± 39-8 ml/m2
BSA).
Pulmonary fumction was evaluated in the first

8 patients from spirometry, total body plethysmo-
graphy, and flow volumes loops. Measurements
were obtained while patients were receiving 240 mg

L. J
Fig. 3 Heart volume was determinedfrom the postero-
anterior and lateral x-ray films by assuming that the
heart is an ellipsoid. Three diameters at right angles
were employed: (1) the long diameter of the ellipsoid (L),
which extends from the junction of the ascending aorta
and the right atrium to the apex of the heart. An oblique
diameter (P) was drawn from the junction of the right
heart border and diaphragm, through the midpoint of the
longitudinal axis, to the left heart border; (2) the true
short diameter (B) of the ellipsoid was calculatedfrom
the long diameter, the oblique diameter, and the angle
between them; and (3) the maximum anteroposterior
diameter (D) of the ellipsoid measured parallel to the
intervertebral spaces on the lateral projection. B is
further defined as:

Sin Q

I COS2 Q
P4/

Cardiac volmeIM2 =
x x

body surface area
F is the product of I/6 and the magnification factor.

of each drug and compared with measurements
made during placebo. Forced expiratory volume in
one second (FEVO), forced expiratory volume in 3
seconds (FEV3), forced vital capacity (FVC), the
ratio of FEV, /FVC (FEV1 %), and maximum mid-
expiratory flow (MMEF) were calculated from
Stead-Wells spirometry data (Comroe et al., 1962).
Total lung capacity, thoracic gas volume, residual
volume, airway resistance, and airway conductance
(Gaw, 1 /AR = Gaw) were calculated from total
body plethysmography data (Comroe et al., 1962).
Airway conductance was measured simultaneously

SERUM
DRUG
LEVEL

U
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Fig. 4 Heart rate blood pressure product and external
work performed (± standard error of the mean) on
placebo, 80, 160, and 240 mg per day of either
propranolol or nadolol.

with thoracic gas volume. Volume and flow taken
from a 570 Wedge spirometer were recorded on an
Electronics for Medicine oscilloscopic photographic
recorder. Calculations were performed for the
expiratory vital capacity, peak flow rates, and flow
rates at 25, 50, and 75 per cent of the vital capacity
manoeuvre (Bass, 1973).

Significance was determined by standard
statistical methods (Snedecor and Cochran, 1967).

Results

All patients improved on medical treatment and
there were no deaths or evidence of new myocardial
infarction in any patient during the study.
Mean glyceryl trinitrate consumption decreased

significantly from placebo during each dose of each
drug (all P < 0.05) (Table 2). There was no signi-
ficant difference between the drugs at any dosage,
or between dose levels for propranolol. However,
240 mg/day of nadolol did produce a significant
decrease in consumption of glyceryl trinitrate from
160 mg/day (P < 0.05).
Although patients did not use glyceryl trinitrate

Table 2 Glyceryl trinitrate consumption
(tablets per week, mean + SD)

Control 80 160 240

Propranolol 15 ± 22 6 ± 8* 6 ± 13t 8 ± 16*
Nadolol 15 ± 22 7 ± 10* 6 ± 10* 5 ± 8*

* Change from control P < 0-05.
t Change from control P < 0-02.
t Change from control P < 0 01.

for each episode of angina pectoris the number of
episodes of chest pain a week decreased to a degree
similar to that associated with consumption of
glyceryl trinitrate. The number of attacks of chest
pain decreased from a mean placebo value of 18 +
26 pains to 7 to 9 attacks per week with nadolol and
8 to 11 attacks per week with propranolol (all P <
0 05). At 240 mg/day patients experienced slightly
fewer chest pains per week with nadolol than with
propranolol (P < 0-05). There was no significant
difference at any other dose.
Between placebo periods I and V, there were no

significant differences in any rate corrected systolic
time interval. Though therapy with both propranolol
and nadolol resulted in slight increases in mean
values of PEP,, LVETc, and QS2c, significant
differences were present only for QS2c (P < 0 05)
and, in one instance, the PEP, (P < 0.02) (Table 3).
The degree of increase in QS2c was not predictive
of the drug dosage used. There were no significant
differences in the ratio of PEP/LVET during treat-
ment with either propranolol or nadolol at any
dosage (Table 3).

In 7 patients simultaneous motion of the septum
and posterior wall could be delineated by echo-
cardiography and these patients were included for
measurements of ventricular volume and posterior
wall movement. There was no change in the internal
diameter at end-diastole during therapy with either
drug though a significant decrease in mean velocity
of posterior wall motion was found during treatment
with both propranolol and nadolol (P < 0.01).
There was no significant difference in heart rate,

blood pressure, rate pressure product, duration of

Table 3 Systolic time intervals (ms)
(mean + SD)

Interval Control Propranolol Nadolol

80 160 240 80 160 240

PEPc 120 ± 24 123 ± 27 127 ± 21* 125 ± 24 129 ± 23 120 ± 23 123 ± 22
LVETo 419 ± 18 421 ± 27 420 ± 19 423 ± 21 421 ± 25 426 ± 19 426 ± 25
QS,c 531 ± 28 545 ± 20 547 ± 19* 548 ± 17* 550 ± 22* 546 ± 14* 549 ± 20*
PEP/LVET 0-31 ± 0 09 0-32 ± 0*11 0-32 ± 0-08 0 30 ± 0 11 0 33 ± 0 09 0 30 ± 0 09 0-31 ± 0-09

* Change from control P < 0 05.
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Table 4 Exercise tests
(mean ± SD)

Control Propranolol Nadolol

80 160 240 80 160 240

Heart rate
Rest 71 9 60 12* 58 6* 57 6* 55± 7* 53 ± 5* 54 ± 6*
2 minutes of exercise 112 9 93 12* 85 ± 7* 85 ± 6* 83 ± 6* 81 ± 7* 78 ± 6*
STME 137 18 117 19* 110 12* 107 12* 104 ± 13* 99 ± 14* 95 ± 12*

Blood pressure (systolic)
Rest 133 17 125 18* 130 21 123 23 124 ± 17* 124 ± 18* 120 ± 22*
2minutesofexercise 146 ± 21 132 + 19* 131 ± 22* 129 ± 21* 124 ± 11* 128 ± 16* 124 ± 16*
STME 163 ± 17 147 + 16* 145 ± 22* 145 + 21* 141 ± 20* 140 ± 14* 141 ± 18*

HR x BP x 10-2
STME (RPP) 226 ± 49 172 ± 32* 158 ± 27* 155 ± 32* 148 ± 34* 140 ± 27* 134 ± 26*

Duration of exercise 289 ± 74 344 ± 79* 369 ± 77* 374 ± 83* 365 ± 90* 374 ± 65* 371 ± 64*
Total work performed 5401 ± 2058 6846 ± 2231* 7764 ± 2443* 7985 ± 2498* 7538 ± 3107* 7721 ± 2397* 7539 ± 2206*

* Change from control P < 0 05. STME, symptom tolerated maximal exercise; HR, heart rate; RPP, rate pressure product.

exercise, or external work performed between the
two exercise tests performed in the first placebo
period. No significant changes in heart rate, blood
pressure, or rate pressure product at rest, at 2
minutes of exercise, 30 to 60 seconds before
stopping, and at symptom-tolerated maximal
exercise were noted between placebo periods I
and V.
The effects of propranolol and nadolol on exercise

performance are indicated in Table 4. Heart rate
significantly decreased from control with both drugs
at rest (P < 0.001), at 2 minutes of exercise (P <
0.001), and at symptom-tolerated maximal exercise
(P < 0.001) at all dosage levels. The decrease in
heart rate from control at 2 minutes and symptom-
tolerated maximal exercise was greater during treat-
ment with nadolol than with propranolol at each
dosage level. The blood pressure decreased from
control values during treatment with nadolol at rest
(P < 0.001) at all dosage levels. During treatment
with propranolol, blood pressure was decreased from
control values at 2 minutes of exercise (P < 0.02)
and at symptom-tolerated maximal exercise (P <
0 02) at each dosage level.
At 80 mg a day of either drug, mean duration of

exercise increased significantly by 55 seconds with
propranolol (P < 0.01) and by 76 seconds with
nadolol (P < 0.01), but the difference between the
drugs was not significant. At this dosage, external
work increased significantly from control values for
both drugs (propranolol, P < 0-02; nadolol, P <
0-001) but the difference between the drugs was not
significant. Improvement in work performance was
associated with a significant reduction in the rate
pressure product at symptom-tolerated maximal
exercise which was greater during treatment with
nadolol (34% versus 24% decrease, P < 0 02). Thus,
at 80 mg daily there was a similar increase in exercise
duration and work performance, but nadolol resulted

in a significantly greater decrease in rate pressure
product at symptom-tolerated maximal exercise
(P < 0.02).

Similar changes were noted at 160 mg per day of
each drug. There was a further increase in duration
of exercise and in external workload from control
values but the difference from 80 mg daily was not
significant. There was a 30 per cent decrease in rate
pressure product at symptom-tolerated maximal
exercise during propranolol (P < 0 001) and a 38
per cent decrease in rate pressure product with
nadolol (P < 0 001). During nadolol therapy there
was a significantly lower heart rate and rate pressure
product at rest (P < 0 01), at 2 minutes of exercise
(P < 0.05), 30 to 60 seconds before symptom-
tolerated maximal exercise (P < 0 01), and at
symptom-tolerated maximal exercise (P < 0.02)
when compared with values obtained during
propranolol therapy.
When the dosage of both drugs was increased from

160 to 240 mg per day, the duration of exercise and
external work performed increased with propranolol
but not with nadolol, but there was not a significant
difference between the drugs. At this dosage the
decrease in heart rate and rate pressure product at
symptom-tolerated maximal exercise from control
was slightly greater during treatment with nadolol
than with propranolol (heart rate, P < 0 001; rate
pressure product, P < 0.05). At 2 minutes of
exercise the heart rate and rate pressure product also
were less during nadolol than during propranolol
(both P < 0 001). Propranolol, 240 mg daily, was
the lowest dosage necessary for 7 patients to achieve
their maximal duration of exercise, while 4 achieved
maximum at 160 mg and 3 at 80 mg daily. In 4
patients maximum duration of exercise was achieved
by nadolol 240 mg per day while 7 patients achieved
their maximum duration of exercise at 160 mg per
day and 3 at 80 mg per day. In fact, increasing the
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dose of nadolol from 160 to 240 mg per day resulted
in a decrease in duration of exercise in 9 patients
(mean decrease, 27 + 21 seconds). However, in only
2 patients did increasing the dose of propranolol
from 160 to 240 mg per day result in a decrease in
exercise time (65 ± 63 seconds).
When exercise tests were performed following an

identical morning dose of each drug (40 mg, which
occurred at 160 mg per day of propranolol, and
80 mg per day of nadolol), there were equivalent
increases in duration of exercise and equivalent
decreases in heart rate at rest and at 2 minutes of
exercise. Nadolol decreased rate pressure product
more than propranolol at 2 minutes of exercise
(P < 0.05). The heart rate was significantly lower
with nadolol than propranolol at symptom-tolerated
maximal exercise and at 30 to 60 seconds before
symptom-tolerated maximal exercise. Though
nadolol and propranolol decreased exercise blood
pressure from control values there was no difference
between the drugs at equivalent morning doses.

Significant changes in the .radiograph cardiac
silhouette were noted on 240 mg per day of both
drugs. There was a significant increase in the mean
transverse diameter of the heart during propranolol
therapy from control value of 13-9 + 1-2 cm to
14-5 + 1 0 cm (P < 0.01). An additional significant
mean increase of 0-6 cm (P < 0.02) occurred during
nadolol treatment to 15-1 + 1 0 cm (P < 0.001).
The mean transverse diameter and cardiothoracic
ratio were greater with nadolol than propranolol
(P < 0'02, and P < 0.001). Cardiac volume
measured from the end-diastolic chest x-rays also
increased from a mean control value of 406 +
80 ml/m2/BSA to 456 + 78 on propranolol (P <
0.001) and to 473 ± 73 ml/m2/BSA during nadolol
(P < 0-01). Though the mean volume was larger
with nadolol than propranolol, the difference was

not significant. In one instance (case 11) there was
both an increase in heart size and evidence of
increased upper pulmonary blood volume. This
patient was noted to have the greatest change in
transverse diameter and heart volume as well. No
other radiographic signs of congestive heart failure
were noted on any patient. In case 12, elevation of
the left diaphragm prevented accurate delineation
of the left heart border while technical difficulties
precluded end-diastolic chest x-ray films in cases 1
and 13 while receiving nadolol and these 3 patients
were therefore excluded from analysis.
There were no significant differences in pulmon-

ary function tests between the two placebo periods.
There was no significant change from control values
in airway resistance, airway conductance (Gaw),
thoracic gas volume (TGV), residual volume (RV),
total lung capacity (TLC), RV/TLC per cent,
Gaw/TGV, or FEV1/FVC during propranolol or
nadolol therapy (Table 5). There were small
decreases in FVC (P < 0.02), FEV1 (P < 0.01),
FEV3 (P < 0 001), and maximum mid-expiratory
flow (P < 0.02) during drug treatment, but they
only assumed significance with nadolol. Clinically
small but statistically significant (all P < 0.05)
reductions were noted in peak flow rates at 25 per

cent and 50 per cent ofFVC during both propranolol
and nadolol therapy.

Discussion

Results from this study indicate that both pro-

pranolol and nadolol effected significant sympto-
matic improvement whether judged by glyceryl
trinitrate consumption or episodes ofangina pectoris.
This was not likely to be the result of physical con-

ditioning as the placebo periods I and V were not
significantly different. In no patient was it necessary

Table 5 Pulmonary function tests in first 8 patients

Pulmonary testt Control Propranolol Nadolol
240 mg/day 240 mg/day

FVC (1) 4-64 ± 11 4-52 1-2 449 + 1-2*
FEV1 (1) 3-06 ± 090 2-93 ± 10 2-94 ± 0-88*
FEV1/FVC x 100 (%) 65-9 8-4 64-2 110 65-0 ± 8-4
FEV, (1) 4 03 ± 10 3-87 1-2 3-87 ± 1 OS
MMEF (i/s) 2-57 1-4 2-46 1-6 2-37 ± 1-4
AR (cm H.O/l/s) 1-69 1-2 1-96 11 1-62 ± 0 94
Gaw (1/s cm H,0-1) 0-864 0-62 0-633 0-28 0 757 0-32
TLC (1) 7-76 1-4 7-86 1-3 7-69 1-4
TGV (1) 4-35 0-71 4-49 ± 067 4-36 ± 093
RV (1) 2 95 0-65 3-18 0-62 2-89 + 069
PFR 25% (/s) 6-54 2-5 5-53 2-8* 5-74 ± 2-23*
PFR 50% (i/s) 3-06 1-7 2-61 1-6 2-55 ± 1-4*
PFR 75% (I/s) 0-82 0-58 0-72 ± 053 0-67 0-43

t See text for abbrevations.
*P < 0-02.
1P < 0-01.
Sp < 0001.
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to discontinue either drug because of unwanted
effects. Patients complained of fatigue with similar
frequency for both drugs, but diarrhoea and light-
headedness appeared more commonly with
propranolol than with nadolol.
The negative chronotropic effect of both drugs,

though present at rest, was best evaluated during
exercise. Though there was a significant decrease in
the mean resting heart rate with both drugs at each
dosage level, in some individuals this change was
small, and was magnified during exercise. Since
most patients were able to exercise for at least
2 minutes, one could evaluate for drug effect at that
time. Maximum drug effect was apparent when the
heart rate at 2 minutes of exercise was suppressed
by 25 to 30 per cent. At 2 minutes of exercise both
xnadolol and propranolol significantly decreased
heart rate, blood pressure, and rate pressure
product at all dosage levels.

Nadolol was more effective than propranolol in
slowing the heart rate at rest, during exercise, and at
symptom-tolerated maximal exercise. This was true
at each dosage level, at an equivalent daily dose, and
at an equivalent dose the morning of the study. Ten
hours elapsed between the evening and morning
dose, however, which might favour a higher blood
level of nadolol than propranolol since nadolol has
been shown to have a longer half-life than propran-
.olol (Vukovich et al., 1976) (Fig. 3). These results
.suggest that nadolol is more potent than propranolol.
The rate pressure product decreased at symptom-

,tolerated maximal exercise during treatment with
-both propranolol and nadolol. Since a change in
-rate pressure product is usually a good predictor of
a change in myocardial oxygen consumption this
might imply a decrease in myocardial oxygen con-
sumption at symptom-tolerated maximal exercise.
However, an increase in ventricular volume, as
demonstrated from end-diastolic chest x-ray films,
maay in part have led to a similar level of myocardial
oxygen consumption at a lower rate pressure pro-
duct at symptom-tolerated maximal exercise during
-treatment with propranolol and nadolol (Gobel et
al., 1978). The increase in volume may have
resulted from a decrease in contractility with a
resultant increase in fibre length (Gobel, 1976). This
in turn would increase MVO2 at the same rate
pressure product and result in a lower rate pressure
product at the same MVO2 (Gobel et al., 1978).
The fact that there was no improvement in exercise
tolerance from nadolol 160 to nadolol 240 despite
further suppression of rate pressure product at
symptom-tolerated maximal exercise indicates that
an increase in ventricular volume may have balanced
the beneficial effect on heart rate and blood pressure
and suggests that in such patients the dosage is best

left at 160 mg daily. Perhaps an increase in volume
was more readily appreciated from the chest x-ray
than the echocardiogram because more dimensions
were available for calculation. In addition, since the
entire cardiac silhouette was used, small increases
in volume in each chamber may have been additive.
Though the increase in heart size was significant and
might be helpful in assessing the optimal dose of
either beta-adrenergic blocking drug, careful men-
suration and timing of the x-ray exposure is neces-
sary since these small changes may not be apparent
from casual observation.

Although previous data have indicated that airway
resistance may increase after propranolol given
intravenously to both normal subjects and patients
with chronic obstructive lung disease (MacDonald
et al., 1967; Nordstrom et al., 1975), airway
resistance did not change significantly from control
under the conditions of this study. Thus, exercise
results were not influenced by the effect of either
drug on airway resistance. These results are con-
sistent with previous studies by Nordstrom et al.
(1975) where a small but statistically significant
increase in airway resistance and decrease in airway
conductance were associated with no change in
duration of exercise in either patients with chronic
obstructive lung disease or in patients with chronic
obstructive lung disease and heart disease. The
reduction in FVC, FEV1, FEV3, and peak flow rates
with nadolol may be consistent with an encroach-
ment on small airways secondary to a mild, but
clinically undetectable increase in pulmonary venous
pressure. Though statistically significant, these
changes are small and are not likely to be clinically
significant.

Echocardiographic measurements of left ventricu-
lar intemal diameters in patients with ischaemic
heart disease may not be representative of the entire
left ventricle, especially when asynergy is present.
This sampling problem may lead to inaccuracies in
estimation of ventricular volume and motion in such
patients (Popp et al., 1973; Ratshin et al., 1973;
Johnson, 1976; Teichholz et al., 1976). Previously
reported results by Frishman et al. (1975) showed
significant changes in end-diastolic volume, ejection
fraction, and posterior wall velocity in patients who
were given increasing amounts of propranolol. In
that study, changes in end-diastolic and end-systolic
dimension were not significant. Differences were
only significant when these values were cubed to
determine volume. With the exception of the
reduction in left ventricular posterior wall velocity
we were unable to show similar changes in our
study. This may be because of the higher incidence
of electrocardiographically proven previous myo-
cardial infarction (4 of 7 patients) in our group of
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patients and hence, more segmental ventricular wall
abnormalities (Popp et al., 1973; Johnson, 1976;
Teichholz et al., 1976). In addition, an all-male
population with large thoraces prevented us from
obtaining echocardiograms suitable for measure-
ments in all patients (Feigenbaum and Chang,
1972). Thus, the echocardiogram was not a
useful way of evaluating drug effects in the patients
with ischaemic heart disease in this study.

Propranolol and nadolol were supplied by the
Squibb Institute for medical research.
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